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Description 

Technical Field 

[0001] The present invention relates to a recording 
medium which comprises a first substance and a sec- 
ond substance at least, and in which an external energy 
is applied to at least one of the first and second sub- 
stances to react with each other, thereby varying their 
optical characteristics to record information. 

Background Art 

[0002] Conventionally, there has been proposed a re- 
cording medium which includes a first substance and a 
second substance, and in which the first and second 
substances cause an oxidation-reduction reaction by 
being irradiated with an external energy, for example, a 
laser beam, thereby varying the optical characteristic to 
record information. 

[0003] For example, U. S. Patent No. 5,459,01 8 dis- 
closes a recording medium in which metal, such as Al 
and Fe, is used as a first substance, and oxide, such as 
Te0 2 and ln 2 0 3 , is used as a second substance. These 
substances coexist to make a single-layered film, or are 
laminated alternately to make a laminated film. 
[0004] By the way, according to the investigation car- 
ried out by the inventors of the present invention, when 
the recording medium utilizes the oxidation-reduction 
reaction between the first substance and the second 
substance as set forth in the aforementioned prior art, 
the reaction of the first and second substances develop 
in the middle of the film formation because the first and 
second substances both have reactivities. As a result, 
there arises a possibility of decreasing overall reflect- 
ance. Further, in such a recording medium, the first and 
second substances react with each other when the ex- 
ternal energy is not applied (when information is not re- 
corded). Thus, it is expected that the retention of the 
recorded information deteriorates due to chronological 
degradation. In an actual application, it is believed that 
there arise problems when the recording medium is 
used as an ordinary recording medium. 
[0005] Furthermore, according to the further investi- 
gation carried out by the inventors of the present inven- 
tion, in order to obtain high reflectance, it is necessary 
to use a substance of good reflectance as a substance 
which carries out the reaction when the external energy 
is applied (when information is recorded). However, be- 
cause of the good reflectance, the substance exhibits 
small absorptance to the external energy. As a result, 
the substance absorbs less heat which is required for 
the reaction, because it is of good reflectance. Accord- 
ingly, it is preferred that the first and second substances 
are a combination which shows good reactivity when in- 
formation is recorded. However, the combination show- 
ing good reactivity causes unnecessary reactions when 
the films are formed as aforementioned or when infor- 



mation is not recorded. Thus, the possibility increases 
in that the recording characteristics of the recording me- 
dium degrade. 

[0006] The present invention has been developed in 
5 view of the aforementioned problems. Therefore, in a 
recording medium which includes a first substance and 
a second substance at least, the first and second sub- 
stances undergoing an oxidation-reduction reaction 
when an external energy is applied thereto, thereby re- 
10 cording information by varying the optical characteris- 
tics, it is therefore an object of the present invention to 
suppress the reaction of the first and second substanc- 
es, reaction which degrades the recording characteris- 
tics other than the case where the recording medium is 
15 subjected to recording. 

Disclosure of Invention 

[0007] While investigating into a recording medium 
20 which includes a first substance and a second sub- 
stance at least, and which record information by varying 
the optical characteristics by applying an external ener- 
gy, the present invention has been completed by elab- 
orating the combination of the first substance and the 
25 second substance which undergo an oxidation-reduc- 
tion reaction, and by diligently studying a third sub- 
stance which suppresses the reactivities of the first and 
second substances. 

[0008] The present recording medium is character- 
30 ised in that it is a recording medium for recording infor- 
mation by varying optical characteristics thereof by ap- 
plying an external energy thereto, which includes: 

a first substance and a second substance which 
35 cause an exothermic reaction to vary optical char- 
acteristics of said first and second substances when 
the external energy is applied, said first substance 
undergoing oxidation in a wide sense; and said sec- 
ond substance undergoing reduction in a wide 
40 sense; and 

a third substance interposed between said first sub- 
stance and said second substance, enabling said 
first substance and said second substance to react 
when said external energy is applied, and sup- 
45 pressing said first substance and said second sub- 
stance to react when said external energy is not ap- 
plied. 

[0009] When the external energy is applied to the 
50 present recording medium, the first substance reduces 
the second substance with the first substance and the 
second substance passing through the third substance 
and/or destroying the third substance. And, the first sub- 
stance itself undergoes the oxidation in a wide sense. 
55 Thus, the first substance and the second substance un- 
dergo an oxidation-reduction reaction. Due to the reac- 
tion, at least a part of the first and second substances 
vary the optical characteristics, and thereby information 
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is recorded in the present recording medium. 
[0010] Then, since the third substance is interposed 
between the first substance and the second substance, 
the aforementioned oxidation-reduction reaction is sup- 
pressed when forming films or when the external energy 
is not applied (when information is not recorded). 
[001 1] Further, since the oxidation-reduction reaction 
is an exothermic reaction, the resulting modified reac- 
tion products are stable energetically, and the reverse 
reaction is less likely to occur. Hence, the present re- 
cording medium can suppress the reaction between the 
first and second substances which degrades the record* 
ing characteristics. 

[001 2J Said first substance can be at least one mem- 
ber selected from the group consisting of metals, inter- 
metallic compounds, nitrides, carbides, silicides, bo- 
rides, sulfides, selenides, tellurides, phosphides, arse- 
nides, antimonides and substances containing these 
members. The members generate an energy of 1 ,000 
kJ or more when bonding with oxygen molecules in an 
amount of 1 mol (hereinafter referred to as an "oxygen- 
bonding energy"), and contain at least one element se- 
lected from the group consisting of elements of group 1 
of the periodic table of the elements, elements of group 
2 thereof, elements of group 3 thereof, elements of 
group 4 thereof, elements of group 5 thereof, Cr, Mn, 
Zn, Al and Si. 

[0013] The elements of group 1 can be Li, Na, K, etc. 
The elements of group 2 can be Mg, Ca, etc. The ele- 
ments of group 3 can be Sc, Y, etc. The elements of 
group 4 can be Ti, Zr, etc. The elements of group 5 can 
be V, Nb, etc. 

[0014] Said second substance can be at least one 
member selected from the group consisting of oxides, 
substances containing oxygen as a constituent element, 
substances with oxygen adsorbed, compounds thereof 
or mixtures thereof. The members require an energy of 
550 kJ or less when dissociating oxygen molecules in 
an amount of 1 mol (hereinafter referred to as an "oxy- 
gen-dissociating energy"). 

[0015] The second substance gives oxygen to the first 
substance to oxidize it, and is itself likely to be reduced. 
The second substance can be a substance containing 
at least one member selected from the group consisting 
of oxides and substances containing oxygen as a con- 
stituent element. The members contain at least one el- 
ement selected from the group consisting of elements 
of group 6 of the periodic table of the elements, elements 
of group 8 thereof, elements of group 9 thereof, ele- 
ments of group 11 thereof, 71, V, Mn, Ni, Re, Ge, Sn, Pb, 
As, Sb, Bi, Se, Te, Ce, Pr and Tb. 
[0016] Here, the elements of group 6 can be Cr, Mo, 
etc. The elements of group 8 can be Fe, Ru, etc. The 
elements of group 9 can be Co, Rh, Ir, etc. The elements 
of group 11 can be Cu, Ag, Au, etc. 
[0017] According to the investigations carried out by 
the inventors of the present invention, when the oxygen- 
bonding energy of the first substance is less than 1 ,000 



kJ, the first substance is less likely to bond with the ox- 
ygen, and the reactivity decreases. Moreover, when the 
oxygen-dissociating energy of the second substance is 
more than 550 kJ, the oxygen is less likely to dissociate, 
5 and the reactivity decreases. Accordingly, the first and 
second substance can preferably have the aforemen- 
tioned respective energy ranges. 
[001 8] Further, the first substance can be a substance 
containing at least one member selected from the group 
10 consisting of metals, intermetallic compounds, nitrides, 
carbides, silicides, borides, sulfides, selenides, tellu- 
rides, phosphides, arsenides, antimonides and sub- 
stances containing these members. The members gen- 
erate an oxygen-bonding energy of 500 kJ or more, and 

« exhibit a melting point or a decomposition temperature 
of from 1 00 °C or more to 300 °C or less. And, the sec- 
ond substance can be a substance containing at least 
one member selected from the group consisting of ox- 
ides, substances containing oxygen as a constituent el- 

20 ement, substances with oxygen adsorbed, compounds 
thereof and mixtures thereof. The members require an 
oxygen-dissociating energy of 550 kJ or less. 
[0019] Furthermore, the second substance gives ox- 
ygen to the first substance to oxidize it, and is itself likely 

25 to be reduced. The second substance can be a sub- 
stance containing at least one member selected from 
the group consisting of oxidea and substances contain- 
ing oxygen as a constituent element. The members con- 
tain at least one element selected from the group con- 

50 sisting of elements of group 6 of the periodic table of the 
elements, elements of group 8 thereof, elements of 
group 9 thereof, elements of group 11 thereof, Ti, V, Mn, 
Ni, Re, Ge, Sn, Pb, As, Sb, Bi, Se, Te, Ce, Pr andTb. 
[0020] Here, the elements of group 6 can be Cr, Mo, 

35 etc. The elements of group 8 can be Fe, Ru, etc. The 
elements of group 9 can be Co, Rh, Ir, etc. The elements 
of group 11 can be Cu, Ag, Au, etc. 
[0021 ] By having the first substance exhibit a melting 
point or a decomposition temperature in the aforemen- 

40 tioned range, the first substance can be turned into a 
liquid phase by a small external energy. The aforemen- 
tioned oxidation-reduction reaction is a reaction be- 
tween the liquid phase and the solid phase so that the 
reactivity is enhanced compared with the reaction be- 

45 tween the solid phases. When the substance constitut- 
ing the first substance exhibits a melting point or a de- 
composition temperature of less than 100 °C, the heat 
resistance of recorded data decreases. When the melt- 
ing point or the decomposition temperature exceeds 

50 300 °C, a large external energy is required unpreferably. 
[0022] Moreover, by having the first substance exhibit 
a melting point or a decomposition temperature in the 
aforementioned range, the reactivity is enhanced. Ac- 
cordingly, the oxygen-bonding energy of the first sub- 

55 stance can be decreased, and is 500 kJ or more. Ac- 
cording to the investigations carried out by the inventors 
of the present invention, when the oxygen-bonding en- 
ergy is less than 500 kJ, the reactivity is decreased un- 
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preferably. 

[0023] Note that, even when the third substance is in- 
terposed, the first substance and the second substance 
cause the oxidation-reduction reaction, at least a part of 
the first and second substances are modified to vary the 
optical characteristics. Thus, information is recorded. 
And, even when the first substance and the second sub- 
stance are made into the aforementioned combination 
of good reactivity, the interposing third substance can 
suppress the reaction between the first and second sub- 
stances, reaction which degrades the recording charac- 
teristics other than the case where the recording medi- 
um is subjected to recording. 

Brief Description of Drawings 

[0024] Fig. 1 is an explanatory diagram for illustrating 
the cross-sectional arrangement of an optical disk ac- 
cording to preferred embodiments of the present inven- 
tion. 

[0025] Fig. 2 is a table for summarizing the recording 
characteristics of optical disks of a First Preferred Em- 
bodiment and a comparative example. 
[0026] Fig. 3 is a table for summarizing the recording 
characteristics of optical disks of a Second Preferred 
Embodiment and a comparative example. 
[0027] Fig. 4 is a table for summarizing the recording 
characteristics of optical disks of a Third Preferred Em- 
bodiment and a comparative example. 

Best Mode for Carrying Out the Invention 

(First Preferred Embodiment) 

[0028] A recording medium of this First Preferred Em- 
bodiment is directed to recording information by varying 
a recording film physically and/or chemically by irradiat- 
ing it with a recording laser beam as an external energy. 
For example, it is applicable to an optical disk in which 
music or data is recorded as information. Fig. 1 illus- 
trates a partial cross-sectional construction of an optical 
disk (recording medium) 100 of this preferred embodi- 
ment. 

[0029] An optical disk 100 is formed as a disk as a 
whole, and a plurality of layers are formed and laminated 
as illustrated in Fig. 1 . 1 designates a transparent sub- 
strate which is formed as a disk (for example, in a thick- 
ness of 1.2 mm) and is made from polycarbonate, for 
instance. A laser beam for optically recording and read- 
ing out information enters from a surface 1 a of the sub- 
strate 1 in the direction specified by the arrow n A n . The 
surface 1a, the laser-beam-incidence side, is a flat sur- 
face, and on the other side 1 b, there is formed a spiral 
or concentric guide groove (track) 1c for leading the la- 
ser beam. 

[0030] On the other surface 1b of the substrate 1, 
there is formed a W0 3 film 2, including W0 3 (a second 
substance), as a second layer. And, on the W0 3 film 2, 



there Is formed a C film (carbon film) 3, including carbon 
(a third substance), as a barrier layer (third layer). On 
the C film 3, there is formed an Sn-1 0 atomic % Sr film 
4, including Sn-10 atomic % Sr (a first substance), as a 
s first layer. The C film 3 has a thickness (for example, 1 
nm or more) which is appropriate for suppressing the 
physical and/or chemical reaction between the W0 3 film 
2 and the Sn-1 0 atomic % Sr film 4. 
[0031 ] Here, the aforementioned films 2, 3 and 4 con- 
10 stitute a recording film 1 0 in the optical disk 1 00. More- 
over, on the Sn-10 atomic % Sr film 4, there is formed 
a resin film (protective film) 5 which covers the recording 
film 10 to protect it and includes an ultraviolet-curable 
resin. 

15 [0032] Next, the manufacturing method of the optical 
disk 100 will be described in detail. 
[0033] The substrate 1 was prepared. The opposite 
surface 1a was formed as a flat surface. In the other 
surface 1b, there was formed the guide groove 1c. The 

20 substrate 1 was composed of a disk having a thickness 
of 1 .2 mm, and was made from polycarbonate. On the 
other surface 1 b of the substrate 1 , the W0 3 film 2 was 
formed in a thickness of 185 nm by an RF magnetron 
sputtering method with a W0 3 target underthe following 

25 film forming conditions of sputtering gas species: Ar + 
10% 0 2 , sputtering gas pressure: 0,533 Pa (4 x 10 3 
Torr) and input electric power 1 00 - 400 W. Subsequent- 
ly, the C film 3 was formed in a thickness of 2 nm by an 
RF magnetron sputtering method with a C (graphite) tar- 

30 get under the following film forming conditions of sput- 
tering gas species: Ar, sputtering gas pressure: 0,533 
Pa (1 0' 3 Torr) and input electric power: 200 - 500 W. 
[0034] Still subsequently, the Sn-1 0 atomic % Sr film 
4 was formed in a thickness of 35 nm by an RF magn- 

35 etron sputtering method with an Sn-1 0 atomic % Sr tar- 
get under the following film forming conditions of sput- 
tering gas species: Ar, sputtering gas pressure: 0,533 
Pa (4x10-3 Torr) and input electric power: 50 - 200 W. 
[0035] Finally, the ultraviolet-curable resin was ap- 

40 plied by a spin coating method, the ultraviolet-curable 
resin was cured using a high-pressure mercury-vapor 
lamp to form the resin film 5 and thus, the optical disk 
100 was manufactured. 

[0036] The recording actions of the optical disk 1 00 of 
45 this preferred embodiment are as hereinafter described. 
In the portion of the guide groove 1c, the recording laser 
beam enters (irradiates) in the direction of the arrow "A", 
and is focused on the surface of the Sn-1 0 atomic % Sr 
film 4. Further, the W0 3 film 2 and the Sn-10 atomic % 
so Sr film 4 undergo a chemical reaction with the W0 3 and 
the Sn-1 0 atomic % Sr passing through the C film 3 and/ 
or destroying the C film 3. Accordingly, when the record- 
ing laser beam is irradiated (when the external energy 
is applied), the optical characteristics (reflectance, etc.) 
55 of the recording film vary so that information can be re- 
corded. 

[0037] When the recording laser beam is not irradiat- 
ed (when the external energy is not applied), since the 
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C film 3 is interposed between the W0 3 film 2 and the 
Sn-10 atomic % Srfilm 4, the reaction between the W0 3 
film 2 and the Sn-10 atomic % Sr film 4 is suppressed, 
and as a result, the recording characteristics can be in- 
hibited from degrading. 

[0038] The reaction between the W0 3 film 2 and the 
Sn-10 atomic % Sr film 4 at this time is an oxidation- 
reduction reaction in a wide sense as hereinafter de- 
scribed. By irradiating with the recording laser beam, the 
W0 3 (the second substance), forming the film 2, is re- 
duced and a part of or all of it is turned into W0 2 93. The 
Sn-1 0 atomic % Sr (the first substance), forming the film 
4, is oxidized and a part of or all of it is turned into SrO 
and/or SnO. . 

[0039] Atthis moment, thecolor hues of the substanc- 
es constituting the films are as follows. The W0 3 is 
transparent, the W0 2 83 is blue, the Sn-10 atomic % Sr 
is metallic gloss, the SrO is transparent, and the SnO is 
gray. Accordingly, the optical characteristics of the opti- 
cal disk 100 before and after recording vary greatly. 
[0040] The energy required for the W0 3 to dissociate 
oxygen molecules in an amount of 1 mol and to turn into 
the W0 2 83 (oxygen-dissociating energy) is about 480 
kJ at room temperature, while the energies generated 
by the Sr and the Sn to bond with oxygen molecules in 
an amount of 1 mol and to turn into the SrO and the SnO 
(oxygen-bonding energy) are about 1,220 kJ and 610 
kJ, respectively, at room temperature. Therefore, the re- 
action between the W0 3 film 2 and the Sn-1 0 atomic % 
Sr film 4 is an exothermic reaction. 
[0041] And, in this preferred embodiment, since the 
oxidation-reduction reaction is an exothermic reaction, 
the modified reaction products (W0 2 95, and Sn °) 
are energetically stable, and the reverse reaction is less 
likely to occur. In addition, since the substances before 
the generation or after the generation are the oxides or 
the substance containing oxygen as a constituent ele- 
ment, they are strong against heat and moisture, etc., 
and are good in environmental resistance. Thus, when 
information is not recorded, it is likely to suppress the 
unnecessary reactions. 

[0042] The specific example of the recording charac- 
teristics of this preferred embodiment will be described. 
In the optical disk 100 which was manufactured by the 
aforementioned manufacturing method, information 
was recorded by irradiating the optical disk with a laser 
beam (recording laser beam) of wavelength: 780 nm 
from the side of the flat surface (surface 1a) t which was 
focused on the surface of the Sn-1 0 atomic % Sr film 4 
through an objective lens of NA (numerical aperture): 
0.5. At this moment, the irradiating conditions were lin- 
ear velocity: 2.8 m/sec, recording frequency: 400 kHz 
and recording laser wave form: rectangular wave of 50% 
duty ratio. 

[0043] The characteristics (recording characteristics) 
of the optical disk 1 00 in this instance were, as set forth 
in Sample No. 3 of Fig. 2, reflectance at unrecorded por- 
tions: 62%, recording laser power 1 0 mW, C/N (output- 



level ratio of carrier to noise): 50 dB and modulation: 
80%. Note that the modulation is a value which is ob- 
tained by subtracting the reflectance after the recording 
from the reflectance before the recording and dividing 
5 the difference by the reflectance before the recording. 
[0044] Then, the optical disk characteristics as set 
forth above were measured by variously changing the 
thickness (in the drawing, denoted as "barrier layer 
thickness") of the C film 3 playing the role of the barrier 

10 layer (Sample Nos. 1 , 2, 4 and 5), and Fig. 2 summarizes 
the results, together with the aforementioned results 
(Sample No. 3). Note that, in Fig. 2, Sample No. 6 was 
a comparative example to the present invention, and 
was free from the barrier layer. 

15 [0045] As set forth in Fig. 2, it is understood that the 
optical disks 1 00 of this preferred embodiment listed as 
Sample Nos. 1 through 5 exhibited remarkably higher 
reflectance than the optical disk of the comparative ex- 
ample (Sample No. 6), and that they were well balanced 

20 in terms of the characteristics, such as the reflectance, 
the recording power, the C/N and the modulation. This 
results from the arrangement that the reaction between 
the first layer, the Sn-1 0 atomic % Sr film 4, and the sec- 
ond layer, the W0 3 film 2, is suppressed by the presence 

25 of the C film 3. 

[0046] Moreover, the respective optical disks of Sam- 
ple Nos. 1 through 6 were subjected to an environmental 
resistance test which was carried out at 55 °C for 96 
hours. The optical disks of this preferred embodiment 

30 could read out the recorded data. Whereas, it was im- 
possible for the optical disk of the comparative example 
to read out the recorded data. This results from the ar- 
rangement that the reaction between the W0 3 film 2 and 
the Sn-10 atomic % Srfilm 4 is suppressed by the pres- 

35 ence of the C film 3. 

[0047] As described so far, the opticaJ disks 100 of 
this preferred embodiment are characterized in that they 
are better balanced in terms of the characteristics, such 
as the reflectance, the recording power, the C/N and the 

40 modulation, than the conventional optical disk. 

[0048] Moreover, in this preferred embodiment, the C 
film 3 is interposed between the W0 3 film 2 and the Sn- 
1 0 atomic % Sr film 4. Accordingly, the reaction is sup- 
pressed in the f ormation of the films, under ordinary en- 

45 vironment, and under the high-temperature-and-high 
humidity conditions such as the aforementioned envi- 
ronmental resistance test. Namely, the reaction is sup- 
pressed other than the case where information is re- 
corded, and thus, the recording characteristics (reflect- 

so ance, recording powder, C/N and modulation) can be 
inhibited from degrading, and the data retention charac- 
teristic can be improved greatly. In addition, the reflect- 
ance (initial reflectance) at the unrecorded portions of 
the optical disk can be heightened remarkably. 

55 [0049] By the way, the first and second substances 
according to the present invention are not limited to the 
substances of the aforementioned preferred embodi- 
ment. 
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[0050] Under the conditions that, the first substance 
and the second substance make a combination so that 
a first substance undergoes oxidation in a wide sense 
and a second substance undergoes reduction, thereby 
causing an exothermic reaction when an external ener- 5 
gy is applied; and that at least a part of the first sub- 
stance and/or the second substance have varied the op- 
tical characteristics before and after the exothermic re- 
action, the following substances can be employed. 
[0051] The first substance can be any substance 10 
which reduces the second substance by retrieving or the 
like oxygen from the second substance, and is itself like- 
ly to be oxidized. Such a first substance can consist of 
one member selected from the group consisting of met- 
als, intermetallic compounds, nitrides, carbides, sili- 15 
cides, borides, sulfides, selenides, tellurides, phos- 
phides, arsenides, antimonides and compounds or mix- 
tures thereof (13 kinds so far will be referred to as a sub- 
stance group n P M ), or alternatively, the first substance 
can be selected from substances containing at least one 20 
substance of the substance group "P". 
[0052] In order to be more likely to bond with oxygen 
and in order to enhance the reactivity, the first substance 
can preferably be one substance of the substance group 
B P" which exhibits the oxygen-bonding energy of 1 ,000 25 
kJ or more. For example, as the first substance, Sn-Sr 
alloys, Mg-AI alloys, In-Sr alloys, AI-71 alloys, etc., which 
exhibit the oxygen-bonding energy of 1 ,000 kJ or more, 
can be employed (The oxygen-bonding energies are ap- 
proximately Sn: 61 0 kJ, Sr: 1 ,220 kJ, Mg: 1 ,220 kJ, Al: 30 
1,130 kJ, In: 640 kJ andTi: 1,070 kJ.). 
[0053] Further, in the aforementioned combination, 
the second substance can be any substance which ox- 
idizes the first substance, and is itself likely to be re- 
duced, or can alternatively be any substance which 35 
causes the first substance to undergo oxidation in a wide 
sense, in which the oxidation number is increased with- 
out directly exchanging oxygen atoms, and is itself re- 
duced. And, the second substance can consist of one 
member selected from the group consisting of oxides, 40 
substances containing oxygen as a constituent element, 
substances with oxygen adsorbed and compounds or 
mixtures thereof (4 kinds so far will be referred to as a 
substance group "Q"), or alternatively, the second sub- 
stance can be a substance containing at least one of the *s 
substance group "Q". 

[0054] In order to be more likely to dissociate oxygen 
and in order to enhance the reactivity, the second sub- 
stance can preferably be one substance of the sub- 
stance group "Q" which exhibits the oxygen-dissociating so 
energy of 550 kJ or less. For example, as the second 
substance, M0O3, Re0 2 , Pr0 2 , Sb0 2 , etc., can be em- 
ployed (The oxygen-dissociating energies are approxi- 
mately Mo0 3 : 330 kJ, Re0 2 : 450 kJ, Pr0 2 : 240 kJ and 
Sb0 2 : 380 kJ.). 55 
[0055] In this preferred embodiment, as the third sub- 
stance which is interposed between the first substance 
and the second substance, and which plays a role of 



suppressing the reaction between the first and second 
substances other than the case where information is re- 
corded, the following can be employed. First, the third 
substance can be oxides, such as A^, SiAION, etc., 
substances containing oxygen as a constituent element, 
substances with oxygen adsorbed, or compounds 
thereof or mixtures thereof, which generate a quantity 
of heat in excess of 550 kJ when dissociating oxygen 
molecules in an amount of 1 mol. The substance, which 
generates a quantity of heat in excess of 550 kJ when 
dissociating oxygen molecules in an amount of 1 mol, 
can be preferable, because there is possibility that the 
reaction between the first substance and the second or 
third substance gradually develops when information is 
not recorded, if the substance generates a quantity of 
heat 550 kJ or less when dissociating oxygen molecules 
in an amount of 1 mol. 

[0056] Further, the third substance can be an organic 
substance, such as C m H n (hydrocarbon), C m F n , C m H n - 
F p or the like (m, n and p are integers), which exhibits a 
decomposition temperature (a decomposition, sublima- 
tion or melting temperature) of 300 °C or less. Among 
organic substances, the organic substance, which ex- 
hibits a decomposition temperature (a decomposition, 
sublimation or melting temperature) of 300 °C or less, 
can be preferable, because a laser beam power, which 
is applied when recording information, should be in- 
creased, if an organic substance exhibits a decomposi- 
tion temperature of more than 300 °C, and thus, such 
an organic substance is not so practical for a recording 
medium. 

[0057] Furthermore, the third substance can prefera- 
bly be a substance which includes at least one member 
selected from the group consisting of metals, such as 
Mn, Ti, Se, Mn steels, titanium alloys, Si, Ge, SiN x> etc., 
semiconductors, intermetallic compounds, nitrides, car- 
bides, silicides, borides, sulfides, selenides, tellurides, 
phosphides, arsenides, antimonides and substances 
containing these members, which exhibit a thermal dif- 
fusion coefficient of 50 mnrtf/sec or less in bulk at room 
temperature. Among these substances, the substance, 
which exhibits a thermal diffusion coefficient of 50 mm 2 / 
sec or less in bulk at room temperature, can be prefer- 
able, because a laser beam power, which is applied 
when recording information, should be increased, if a 
substance exhibits a thermal diffusion coefficient of 
more than 50 mrr^/sec, and thus such, a substance is 
not so practical for a recording medium. 
[0058] Moreover, the third substance can preferably 
exhibit a melting point, a decomposition temperature or 
a sublimation temperature of 1,000 °C or more in the 
case where it generates an energy of 1 ,000 kJ or more 
when bonding with oxygen molecules in an amount of 1 
mol; or can exhibit a melting point, a decomposition tem- 
perature or a sublimation temperature of 300 °C or more 
in the case where it generates an energy of less than 
1,000 kJ when bonding with oxygen molecules in an 
amount of mol. This is because there is a possibility that 
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the first substance reacts with the third substance when 
information is not recorded, especially when producing 
the recording medium, depending on the production 
conditions. 

[0059] The thickness of the third substance layer can 
be selected so that it satisfies the required characteris- 
tics of the recording medium. However, the thickness 
can preferably be 0.5 nm or more in order to bring out 
the characteristics of the third substance as the barrier 
layer. 

(Second Preferred Embodiment) 

[0060] In the optical disk 1 00 illustrated in Fig. 1 , this 
Second Preferred Embodiment differs from the record- 
ing medium of the aforementioned First Preferred Em- 
bodiment in that the first layer is an Sn-43 atomic % Bi 
film 40 instead of the Sn-1 0 atomic % Sr film, and in that 
the barrier layer is a hydrocarbon film 30 instead of the 
C film. The recording medium of this preferred embod- 
iment operates and effects advantages in the substan- 
tially same manner as the recording medium of the 
aforementioned First Preferred Embodiment. Hereinaf- 
ter, the portions, which differ from those of the recording 
medium of the First Preferred Embodiment, will be de- 
scribed mainly. 

[0081] The manufacturing method of the recording 
medium of this preferred embodiment will be described 
with reference to a specific example. 
[0062] On the surface 1 b of the substrate 1 , the W0 3 
film 2 was formed in a thickness of 185 nm by an RF 
magnetron sputtering method with a W0 3 target under 
the following film forming conditions of sputtering gas 
species: Ar + 10% 0 2 , sputtering gas pressure: 0,533 
Pa (4 x 1 0* 3 Torr) and input electric power: 1 00 - 400 W. 
[0063] Subsequently, the hydrocarbon film 30 was 
formed in a thickness of 2 nm by an RF magnetron sput- 
tering method with a C (graphite) target under the fol- 
lowing film forming conditions of sputtering gas species: 
Ar + 50% C 3 H 6 (propylene), sputtering gas pressure: 
0,533 Pa (4 x 10 -3 Torr) and input electric power 200 - 
500 W. Still subsequently, the Sn-43 atomic % Bi film 40 
was formed in a thickness of 45 nm by an RF magnetron 
sputtering method with an Sn-43 atomic % Bi target un- 
der the following film forming conditions of sputtering 
gas species: Ar, sputtering gas pressure: 0,533 Pa (4 x 
1 0~ 3 Torr) and input electric power: 50 - 200 W. 
[0064] Finally, the ultraviolet-curable resin was ap- 
plied by a spin coating method, and it was cured using 
a high-pressure mercury-vapor lamp to form the resin 
film 5, thereby obtaining the optical disk 100. 
[0065] The recording actions of the optical disk 1 00 of 
this preferred embodiment are assumed to be as fol- 
lows. In the portion of the guide groove 1 c, the recording 
laser beam enters (irradiates) in the direction of the ar- 
row "A", and is focused on the surface of the Sn-43 
atomic % Bi film 40. Since the melting point of the Sn- 
43 atomic % Bi film 40 is as low as about 139 °C, a part 



of or all of the Sn-43 atomic % Bi film 40, which is irra- 
diated with the laser beam, melts, and in a certain case, 
holes are formed in the Sn-43 atomic % Bi film 40 in this 
instance. 

5 [0066] Simultaneously therewith, the W0 3 film 2 and 
the Sn-43 atomic % Bi film 40, a part of or all of which 
melts, undergo a chemical reaction with the W0 3 and 
the Sn-43 atomic % Bi passing through the hydrocarbon 
film 30 and/or decomposing, sublimating, melting or de- 

10 stroying the hydrocarbon film 30. Accordingly, the opti- 
cal characteristics (reflectance, etc.) of the recording 
film vary so that information can be recorded. Since the 
chemical reaction occurs between the molten liquid and 
the solid, the reaction occurs more easily than the case 

is where the reaction occurs between a solid and the other 
solid. 

[0067] When the recording laser beam is not irradiat- 
ed, since the hydrocarbon film 30 is interposed between 
the W0 3 film 2 and the Sn-43 atomic % Bi film 40, the 

20 reaction between the W0 3 film 2 and the Sn-43 atomic 
% Bi film 40 is suppressed. As a result, the recording 
characteristics can be inhibited from degrading. 
[0068] Note that the decomposition temperature (the 
decomposition, sublimation or melting temperature) of 

25 the organic substance used as the barrier layer (the hy- 
drocarbon film 30 in this preferred embodiment) can 
preferably be 300 °C or less. When it is more than 300 
°C, a laser beam power, which is applied when record- 
ing information, should be increased. Accordingly, such 

30 an organic substance is not so practical for a recording 
medium. According to the results of a thermal analysis, 
the decomposition temperature (the decomposition, 
sublimation or melting temperature) of the hydrocarbon 
film 30 used as the barrier layer in this preferred embod- 

35 iment is assumed to fall in the range of from 1 00 to 200 

[0069] Moreover, in the aforementioned preferred 
embodiment, an Al alloy containing Ti in an amount of 
less than 30 atomic % can be used as the first layer. 

40 [0070] The reaction between the W0 3 film 2 and the 
Sn-43 atomic % Bi film 40 herein is also an oxidation- 
reduction reaction in a wide sense as hereinafter de- 
scribed. By irradiating with the recording laser beam, the 
W0 3 (the second substance), forming the film 2, is re- 

45 duced, and a part of or all of it is turned into W0 2 Tne 
Sn-43 atomic % Bi (the first substance), forming the film 
40, is oxidized, and mainly a part of or all of Sn is chiefly 
turned into SnO. 

[0071 ] At this moment, the color hues of the substanc- 
50 es constituting the films are as follows. The W0 3 is 
transparent, the W0 2 33 is blue, the Sn-43 atomic % Bi 
is metallic gloss, and the SnO is gray. Accordingly, the 
optical characteristics of the optical disk 1 00 before and 
after recording vary greatly. 
55 [0072] The energy required for the W0 3 to dissociate 
oxygen molecules in an amount of 1 mol and to turn into 
the W0 2 (oxygen-dissociating energy) is about 480 
kJ at room temperature. The energy generated by the 
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Sn to bond with oxygen molecules in an amount of 1 mol thickness") of the hydrocarbon film 30 playing the role 
and to turn into the SnO (oxygen-bonding energy) is of the barrier layer (Sample Nos. 11 and 13), and Fig. 3 
about 61 0 kJ at room temperature. Therefore, the reac- summarizes the results, together with the aforemen- 
tion between the W0 3 film 2 and the Sn-43 atomic % Bi tioned results (Sample No. 1 2). Note that, in Fig. 3, Sam- 
film 40 is an exothermic reaction. By the way, the oxy- 5 pie No. 14 was a comparative example to the present 
gen-bonding energy required for Bi to turn into Bi 2 0 3 is invention, and was free from the barrier layer, 
about 41 0 kJ at room temperature. [0079] As set forth in Fig. 3, it is understood that the 
[0073] At this moment, in this preferred embodiment, optical disks 1 00 of this preferred embodiment listed as 
compared with the aforementioned First Preferred Em- Sample Nos. 1 1 through 1 3 exhibited remarkably higher 
bodiment, the substance to be reduced, the Sn-43 atom- to reflectance than the optical disk of the comparative ex- 
ic% Bi exhibits a much smaller oxygen-bonding energy ample (Sample No. 14), and that they were well bal- 
than the Sn-10 atomic % Sr. Namely, the difference be- anced in terms of the characteristics, such as the reflect- 
tween the oxygen-bonding energy of the Sn-43 atomic ance, the recording power, the C/N and the modulation. 
% and the oxygen-dissociating energy of W0 3 , which is This results from the arrangement that the reaction be- 
required for W0 3 to turn into W0 28 3, is much smaller 1$ tween the first layer, the Sn-43 atomic % Bi film 40, and 
than the case of Sn-1 0 atomic % Sr. The reason, for the second layer, the W0 3 film 2, is suppressed by the 
which the similar recording action is induced even if the presence of the hydrocarbon film 30. 
energy is less, is believed as follows. [0080] Moreover, the respective optical disks of Sam- 
[0074] Namely, when recording, a part of or all of the pie Nos. 11 through 14 were subjected to an environ- 
Sn-43 atomic % Bi, which exhibits a low melting point, 20 mental resistance test which was carried out at 55 °C 
melts, and in a certain case, holes are formed in the Sn- for 96 hours. The optica) disks of this preferred embod- 
43 atomic % Bi film 40 in this instance. It is believed that, iment could read out the recorded data. Whereas, it was 
since the chemical reaction at this moment is a reaction impossible for the optical disk of the comparative exam- 
between the molten liquid and the solid, the reaction oc- pie to read out the recorded data. This results from the 
curs more easily than the case where the reaction oc- 25 arrangement that the reaction between the W0 3 film 2 
curs between a solid and the other solid. and the Sn-43 atomic % Bi film 40 is suppressed by the 
[0075] Moreover, in this preferred embodiment as presence of the hydrocarbon film 30. 
well, since the aforementioned oxidation-reduction re- [0081] As described so far, the optical disks 100 of 
action is an exothermic reaction, the modified reaction this preferred embodiment are characterized in that they 
products (W0 2 83 and SnO) are stable energetically, 30 are better balanced in terms of the characteristics, such 
and the reverse reaction is less likely to occur. In addi- as the reflectance, the recording power, the C/N and the 
tion, since the substances before the generation or after modulation, than the conventional optical disk, 
the generation are the oxides or the substance contain- [0082] Moreover, in this preferred embodiment, the 
ing oxygen as a constituent element, they are strong hydrocarbon film 30 is interposed between the W0 3 film 
against heat and moisture, etc., and are good in envi- 35 2 and the Sn-43 atomic % Bi film 40. Accordingly, the 
ronmental resistance. Thus, when information is not re- reaction is suppressed in the formation of the films, un- 
corded, it is likely to suppress the unnecessary reac- der ordinary environment, and under the high-tempera- 
t ' ons - ture-and-high humidity conditions such as the afore- 
[0076] The specific example of the recording charac- mentioned environmental resistance test. Namely, the 
teristfcs of this preferred embodiment will be described. 40 reaction is suppressed other than the case where infor- 
In the optical disk 1 00 which was manufactured by the mation is recorded. Thus, the reflectance (initial reflect- 
aforementioned manufacturing method, information ance) at the unrecorded portions of the optical disk can 
was recorded by irradiating with a laser beam (recording be heightened remarkably, and the recording character- 
laser beam) of wavelength: 780 nm from the side of the istics (reflectance, recording powder, C/N and modula- 
flat surface (surface 1a), which was focused on the sur- 45 tion) can be inhibited from degrading. In addition, the 
face of the Sn-43 atomic % Bi film 40 th rough an objec- data retention characteristic can be improved greatly, 
trve lens of NA (numerical aperture): 0.5. At this mo- [0083] By the way, in this preferred embodiment as 
ment, the irradiating conditions were linear velocity: 2.8 well, the first and second substances are not limited to 
m/sec, recording frequency: 400 kHz and recording la- the substances of the aforementioned example. Under 
ser wave form: rectangular wave of 50% duty ratio. so the conditions that as far as the combination setforth in 
[0077] The characteristics (recording characteristics) the aforementioned First Preferred Embodiment is sat- 
of the optical disk in this instance were, as set forth in isfied, the following substances can be employed. 
Sample No. 12 of Fig. 3, reflectance at unrecorded por- [0084] The first substance can be any substance 
tions: 63%, recording laser power: 7 mW, C/N: 52 dB which reduces the second substance by retrieving or the 
and modulation: 85%. 55 (ike oxygen from the second substance, and is itself like- 
[0078] Then, the optical disk characteristics as set ly to be oxidized. The first substance employed herein 
forth above were measured by variously changing the can be at least one substance of the substance group 
thickness (in the drawing, denoted as "barrier layer "P", exhibit an oxygen-bonding energy of 500 kJ or 
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more, and have a melting point or a decomposition tem- 
perature of from 100 °C or more to 300 °C or less. 
[0085] Such a first substance employed herein can be 
an Au-Ag-Sn alloy (for example, composition ratio: Au- 
5.7 atomic % Ag-82 atomic % Sn, melting point: about 
240 °C), an Au-Ga-Sn alloy (for example, composition 
ratio: Au-1 0 atomic % Ga-1 8 atomic % Sn, melting point: 
about 260 °C), etc., which exhibit an oxygen-bonding 
energy of 500 kJ or more. Here, the oxygen-bonding en- 
ergies are approximately Au: 30 kJ, Ag: 130 kJ, Sn: 61 0 
kJ and Ga: 740 kJ. 

[0086] The first layer employed herein can be an In- 
48.3 atomic % Sn film. This layer has a melting point of 
1 20 °C. The oxygen-bonding energies are about 640 kJ 
for In and about 61 0 kJ for Sn. 
[0087] The second and third substances employed 
herein can be the same as those of the aforementioned 
First Preferred Embodiment. 

[0088] Here, a variety of recording media are dis- 
closed in the aforementioned conventional publications. 
Many of them, however, have recording films of low re- 
flectance. Moreover, even when they have recording 
films in which Al of high reflectance is a major compo- 
nent, since Al of high reflectance is a major component 
in the recording portions, the reflectance at the record- 
ing portions is not reduced so much. Consequently, it is 
believed that they exhibit small modulations. 
[0089] In substances which undergo an oxidation-re- 
duction reaction, those which are of good reflectance 
exhibit small absorptance to the external energy, such 
as the laser beam, because they are of good reflect- 
ance. Consequently, it is believed that they absorb en- 
ergies less which are required for the reaction. There- 
fore, it is necessary to make both of the substances a 
combination of good reactivity. Even if such is the case, 
both of the substances react, for example, in the forma- 
tion of the recording film or when the external energy is 
not applied. Hence, there still is a large possibility of re- 
ducing the modulation. 

[0090] Whereas, in the aforementioned preferred em- 
bodiment, the first and second substances are made in- 
to a combination of good reactivity by controlling the ox- 
ygen-bonding energy, the oxygen-dissociating energy, 
etc. It is possible, however, to suppress the reaction be- 
tween the first and second substances, reaction which 
degrades the recording characteristics other than the 
case where information is recorded, by the interposing 
third substance (the hydrocarbon film 30 in the preferred 
embodiment). Accordingly, it is possible to exhibit mod- 
ulations of favorable values (for example, as set forth in 
Fig. 2 and Fig. 3, 80% or more). 

(Third Preferred Embodiment) 

[0091] In the optical disk 1 00 illustrated in Fig. 1 , this 
Third Preferred Embodiment differs from the recording 
medium of the aforementioned First Preferred Embodi- 
ment in that the first layer is an ln-3.2 atomic % Ag film 



400 instead of the Sn-10 atomic % Sr film, and in that 
the barrier layer is a Ti film 300 instead of the C film. The 
recording medium of this preferred embodiment oper- 
ates and effects advantages in the substantially same 

5 manner as the recording medium of the aforementioned 
First Preferred Embodiment. Hereinafter, the portions, 
which differ from those of the recording medium of the 
First Preferred Embodiment, will be described mainly. 
[0092] The manufacturing method of the recording 

10 medium of this preferred embodiment will be described 
with reference to a specific example. 
[0093] On the surface 1 b of the substrate 1 , the W0 3 
film 2 was formed in a thickness of 175 nm by an RF 
magnetron sputtering method with a W0 3 target under 

15 the following film forming conditions of sputtering gas 
species: Ar + 10% 0 2 , sputtering gas pressure: 0,533 
Pa (4 x 1 0* 3 Torr) and input electric power: 1 00 - 400 W. 
[0094] Subsequently, the Ti film 300 was formed in a 
thickness of 1 nm by an RF magnetron sputtering meth- 

20 od with a Ti target under the following film forming con- 
ditions of sputtering gas species: Ar, sputtering gas 
pressure: 0,533 Pa (1 0* Torr) and input electric power 
100-200W. 

[0095] Still subsequently, the ln-3.2 atomic % Ag film 
25 400 was formed in a thickness of 45 nm by an RF mag- 
netron sputtering method with an ln-3.2 atomic % Ag 
target under the following film forming conditions of 
sputtering gas species: Ar, sputtering gas pressure: 
0,533Pa (4 x 10" 3 Torr) and input electric power: 50 - 
30 200 W. 

[0096] Finally, the ultraviolet-curable resin was ap- 
plied by a spin coating method. The ultraviolet-curable 
resin was cured using a high-pressure mercury-vapor 
lamp to form the resin film 5. Thus, the optical disk 1 00 

35 was manufactured. 

[0097] The recording actions of the optical disk 100 
according to this preferred embodiment are assumed to 
be as follows. In the portion of the guide groove 1c, the 
recording laser beam enters (irradiates) in the direction 

40 of the arrow "A", and is focused on the surface of the ln- 
3.2 atomic % Ag film 400. Since the melting point of the 
ln-3.2 atomic % Ag is as low as about 141 °C, a part of 
or all of the ln-3.2 atomic % Ag film 400, which is irradi- 
ated with the laser beam, melts. In a certain case, holes 

45 are formed in the ln-3.2 atomic % Ag film 400 in this 
instance. 

[0098] Simultaneously therewith, the WO a film 2 and 
the ln-3.2 atomic % Ag film 400, a part of or all of which 
melts, undergo a chemical reaction with the W0 3 and 

so the ln-3.2 atomic % Ag passing through the 71 film 300 
and/or destroying the Ti film 300. Accordingly, the optical 
characteristics (reflectance, etc.) of the recording film 
vary so that information can be recorded. Since the 
chemical reaction occurs between the molten liquid and 

55 the solid, the reaction occurs more easily than the case 
where the reaction occurs between a solid and the other 
solid. 

[0099] When the recording laser beam is not irradiat- 
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ed, since the Ti film 300 is interposed between the W0 3 
film and the ln-3.2 atomic % Ag film 400, the reaction 
between the WO a film 2 and the ln-3.2 atomic % Ag film 
400 is suppressed. As a result, the recording character- 
istics can be inhibited from degrading. 5 
[01 00] The reaction between the W0 3 film 2 and the 
ln-3.2 atomic % Ag film 400 herein is also an oxidation- 
reduction reaction in a wide sense as hereinafter de- 
scribed. By irradiating with the recording laser beam, the 
W0 3 , forming the film 2, is reduced, and a part of or all io 
of it is turned into WO^. The ln-3.2 atomic % Ag, form- 
ing the film 400, is oxidized, and mainly a part of or all 
of In is chiefly turned into in 2 (V x . 
[01 01 ] At this moment, the color hues of the substanc- 
es constituting the films are as follows. The W0 3 is is 
transparent, the W0 2 ^ is blue, the ln-3.2 atomic % Ag 
is metallic gloss, and the \n 2 0^_ x is black. Accordingly, 
the optical characteristics of the optical disk 1 00 before 
and after recording vary greatly. 

[0102] The energy required for the W0 3 to dissociate 20 
oxygen molecules in an amount of 1 mol and to turn into 
the W0 2 & (oxygen-dissociating energy) is about 480 
kJ at room temperature. The energy generated by the 
In to bond with oxygen molecules in an amount of 1 moi 
and to turn into the ln 2 0 3 . x (oxygen-bonding energy) is 25 
about 640 kJ at room temperature. Here, the oxygen- 
bonding energy required for Ag to turn into Ag 2 0 is 
about 130 kJ at room temperature. 
[0103] This preferred embodiment also exhibits the 
same recording action in the same manner as that of 30 
the aforementioned Second Preferred Embodiment. 
Moreover, in this preferred embodiment as well, since 
the aforementioned oxidation-reduction reaction is an 
exothermic reaction, the modified reaction products 
(W0 2 83 and I^O^) are stable energetically, and the 35 
reverse reaction is less likely to occur. In addition, since 
the substances before the generation or after the gen- 
eration are the oxides or the substance containing oxy- 
gen as a constituent element, they are strong against 
heat and moisture, etc., and are good in environmental 40 
resistance. Thus, when information is not recorded, it is 
likely to suppress the unnecessary reactions. 
[01 04] I n the optical disk 1 00, information was record- 
ed by irradiating with a laser beam (recording laser 
beam) of wavelength: 780 nm from the side of the flat 45 
surface (surface 1a), which was focused on the surface 
of the ln-3.2 atomic % Ag film 400 through an objective 
lens of NA (numerical aperture): 0.5. At this moment, 
the irradiating conditions were linear velocity: 2.8 m/sec, 
recording frequency: 400 kHz and recording laser wave so 
form: rectangular wave of 50% duty ratio. The charac- 
teristics (recording characteristics) of the optical disk in 
this instance were, as set forth in Fig. 4, reflectance at 
unrecorded portions: 63%, recording laser power: 7 
mW, C/N: 52 dB and modulation: 93%. 55 
[0105] Then, the optical disk characteristics as set 
forth above were measured by variously changing the 
thickness of the Ti film 300 playing the role of the barrier 
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layer (Sample Nos. 21 and 23), and Fig. 4 summarizes 
the results, together with the aforementioned results 
(Sample No. 22). Note that, in Fig. 4, Sample No. 24 
was a comparative example to the present invention, 
and was free from the barrier layer. 
[0106] As set forth in Fig. 4, it is understood that the 
optical disks 100 of this preferred embodiment listed as 
Sample Nos. 21 through 23 exhibited remarkably higher 
reflectance than the optical disk of the comparative ex- 
ample (Sample No. 24), and that they were well bal- 
anced in terms of the characteristics, such as the reflect- 
ance, the recording power, the C/N and the modulation. 
This results from the arrangement that the reaction be- 
tween the first layer, the ln-3.2 atomic % Ag film 400, 
and the second layer, the W0 3 film 2, is suppressed es- 
pecially in the formation of the films. 
[01 07] Moreover, the respective optical disks of Sam- 
pie Nos. 21 through 24 were subjected to an environ- 
mental resistance test which was carried out at 55 °C 
for 96 hours. The optical disks of this preferred embod- 
iment could read out the recorded data. Whereas, it was 
impossible for the optical disk of the comparative exam- 
ple to read out the recorded data. This results from the 
arrangement that the reaction between the W0 3 film 2 
and the ln-3.2 atomic % Ag film 400 is suppressed by 
the presence of the Ti film 300. 
[0108] As described so far, the optical disks this pre- 
ferred embodiment are characterized in that they are 
better balanced in terms of the characteristics, such as 
the reflectance, the recording power, the C/N and the 
modulation, than the conventional optical disk. 
[0109] Moreover, in this preferred embodiment, since 
theTi film 300 is interposed between the W0 3 film 2 and 
the ln-3.2 atomic % Ag film 400, the reaction is sup- 
pressed in the formation of the films, under ordinary en- 
vironment, and under the high-temperature-and-high 
humidity conditions such as the aforementioned envi- 
ronmental resistance test. Thus, the reflectance (initial 
reflectance) at the unrecorded portions of the optical 
disk can be heightened remarkably. In addition, the re- 
cording characteristics (reflectance, recording powder, 
C/N and modulation) can be inhibited from degrading, 
and the data retention characteristic can be improved 
greatly. 

[0110] Note that the metal employed as the barrier 
layer (Ti film 300 in this preferred embodiment) can pref- 
erably exhibit a thermal diffusion coefficient of 50 mm 2 / 
sec or less in bulk. When the metal exhibits a thermal 
diffusion coefficient of 50 mm^/sec or more, a laser 
beam power, which is applied when recording informa- 
tion, should be increased. Accordingly, such a metal is 
not so practical for a recording medium. Also note that, 
in the Ti film 300 employed as the barrier layer in this 
preferred embodiment, Ti exhibits a thermal diffusion 
coefficient value of about 9.3 mrr^/sec in bulk (at room 
temperature), that Ti generates an energy of about 
1 ,070 kJ when it bonds with oxygen molecules in an 
amount of 1 mol, and thatTi has a melting point of 1 ,675 
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2. The recording medium according to daim 1 , where- 
in said second substance is at least one member 
selected from the group consisting of oxides, sub- 
stances containing oxygen as a constituent ele- 

5 ment, substances with oxygen adsorbed and com- 
pounds or mixtures thereof, preferably wherein said 
second substance requires an energy of 550 kJ or 
less when dissociating oxygen molecules in an 
amount of 1 Mole. 

10 

3. The recording medium according to claim 1 or claim 
2, wherein said second substance is a substance 
containing at least one member selected from the 
group consisting of oxides and substances contain- 

* 5 ing oxygen as a constituent element, said members 
containing at least one element selected from the 
group consisting of elements of group 6 of the pe- 
riodic table of the elements, elements of group 8 of 
the periodic table of the elements, elements of 
20 group 9 of the periodic table of the elements, ele- 
ments of group 11 of the periodic table of the ele- 
ments, Ti, V, Mn, Ni, Re, Ge, Sn, Pb, As, Sb, Bi, Se, 
Te, Ce, Pr and Tb, preferably wherein said second 
substance is at least one oxide selected from the 
25 group consisting of M0O3, Re0 2 , Pr0 2 and Sb0 2 
or wherein said second substance is W0 3 . 



[0111] Further, in the aforementioned optical disk 
100, the first, second and third layers, constituting the 
recording film, cannot necessarily consist of the first, 
second and third substances only, respectively. The 
first, second and third substances can be mixed with 
other substances to form the respective layers. 
[0112] Furthermore, the optical disk can comprise a 
laminated construction of the first layer and the second 
layer; the first layer can be constituted by the third sub- 
stance coexisting with one of the first substance and the 
second substance; and the second layer can comprise 
the other one of the first substance and the second sub- 
stance which is not contained in the first layer. 
[0113] Moreover, the recording film cannot necessar- 
ily be the aforementioned laminated construction. It can 
be a single-layered construction in which the third sub- 
stance interposes between the first and second sub- 
stances in one layer. In addition, since the major portion 
of the present invention exists in the recording film, the 
constituent elements other than the recording film can 
be designed alternatively at one's discretion. 
[0114] Whilst, the recording medium, to which the 
present invention is applied, is not limited to the form of 
the aforementioned optical disk, but can have other 
forms. Additionally, the external energy, which induces 
the reaction to vary the optical characteristics, is not lim- 
ited to the laser beam, but can be light in general, heat, 
electromagnetic wave, sound wave, radiation, impact 
force, strain, etc. For example, the present invention can 30 
be applied to a thermo label, or the like, in which the first 
substance and the second substance undergo an oxi- 
dation-reduction reaction at a predetermined tempera- 
ture to vary the optical characteristics so that information 
is recorded. 35 



Claims 

1. A recording medium, for recording information by *o 
varying optical characteristics thereof by applying 
an external energy thereto, characterised In that 
the recording medium comprises: 

a first substance and a second substance 45 
which cause an exothermic reaction to vary op- 
tical characteristics of said first and second 
substances when the external energy is ap- 
plied, said first substance undergoing oxidation 
in a wide sense, and said second substance un- so 
dergoing reduction in a wide sense; and 
a third substance interposed between said first 
substance and said second substance, ena- 
bling said first substance and said second sub- 
stance to react when said external energy is ap- 55 
plied, and suppressing said first substance and 
said second substance to react when said ex- 
ternal energy is not applied. 



4. The recording medium according to any of claims 1 
to 3, wherein said first substance is at least one 
member selected from the group consisting of met- 
als, intermetallic compounds, nitrides, carbides, sil- 
icides, borides, sulfides, selenides, tellurides, phos- 
phides, arsenides, antimonides and substances 
containing these members, the members generat- 
ing an energy of 1 .000 kJ or more when bonding 
with oxygen molecules in an amount of 1 Mole. 

5. The recording medium according to daim 4, where- 
in said first substance is at least one member se- 
lected from the group consisting of Sn-Sr alloys, 
Mg-AI alloys, In-Sr alloys and A!-Ti alloys, prefera- 
bly wherein said first substance is an Sn-10 atomic 
% Sr alloy. 

6. The recording medium according to any of claims 1 
to 3, wherein said first substance contains at least 
one member selected from the group consisting of 
metals, intermetallic compounds, nitrides, carbides, 
silicides, borides, sulfides, selenides, tellurides, 
phosphides, arsenides, antimonides and substanc- 
es containing these members, which are generating 
an energy of 500 kJ or more when bonding with ox- 
ygen molecules in an amount of 1 Mole and exhib- 
iting a melting point or a decomposition temperature 
of from 100 °C to 300 °C. 

7. The recording medium according to daim 6, where- 
in said first substance is at least one member se- 
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lected from the group consisting of Au-Ag-Sn alloys, 
Au-Ga-Sn alloys and In-Sn alloys, preferably 
wherein said first substance is an Sn-43 atomic % 
Bi alloy. 

8. The recording medium according to any of daims 1 
to 7, wherein said third substance is at least one 
member selected from the group consisting of ox- 
ides, substances containing oxygen as a constitu- 
ent element, substances with oxygen adsorbed and 
compounds thereof or mixtures containing these 
members, which are generating a quantity of heat 
in excess of 550 kJ when dissociating oxygen mol- 
ecules in an amount of 1 Mole, preferably wherein 
said oxide is AlgOg or SiAION. 

9. The recording medium according to any of claims 1 
to 7, wherein said third substance is an organic sub- 
stance which exhibits a decomposition tempera- 
ture, sublimation temperature or melting tempera- 
ture of 300 °C or less, preferably wherein said or- 
ganic substance is C m H n (hydrocarbon), C m F n or 
CmNnFp ( m > n and P are integers). 

10. The recording medium according to any of claims 1 
to 7, wherein said third substance is a substance 
including at least one member selected from the 
group consisting of metals, such as Mn, Ti, Se, Mn 
steels, titanium alloys, Si, Ge or SiN x , semiconduc- 
tors, intermetallic compounds, nitrides, carbides, 
silicides, borides, sulfides, selenides, tellurides, 
phosphides, arsenides, antimonides and substanc- 
es containing these members, which are exhibiting 
a thermal diffusion coefficient of 50 mm 2 /s or less 
in bulk at room temperature. 

1 1 . The recording medium according to any of claims 1 
to 7, wherein said third substance is carbon or a hy- 
drocarbon resin or titanium. 

12. The recording medium according to any of claims 1 
to 1 1 , wherein said first substance, said second sub- 
stance and said third substance are formed as a lay- 
er, respectively, and are laminated with a layer in- 
cluding the third substance in the middle. 

13. The recording medium according to any of claims t 
to 7, wherein the third substance exhibits a melting 
point, a decomposition temperature or a sublima- 
tion temperature of 1.000 °C or more in the case 
where the third substance generates an energy of 
1 .000 kJ or more when bonding with oxygen mole- 
cules in an amount of 1 Mole, or exhibits a melting 
point, a decomposition temperature or a sublima- 
tion temperature of 300 °C or more in the case 
where the third substance generates an energy of 
less than 1 .000 kJ when bonding with oxygen mol- 
ecules in an amount of 1 Mole. 



14. The recording medium according to any of claims 1 
to 13, wherein said third substance is in a form of a 
layer, and has a thickness of 0,5 nm or more. 



Patentanspruche 

1. Ein Aufzeichnungsmedium zum Aufzeichnen von 
fnformationen durch Variieren von optischen Eigen- 
schaften des Aufzeichnungsmediums durch An- 
wenden einer externen Energie auf das Aufzeich- 
nungsmedium, dadurch gekennzeichnet, dass 
das Aufzeichnungsmedium umfasst: 

- eine erste Substanz und eine zweite Substanz, 
die eine exotherme Reaktion zum Variieren von 
optischen Eigenschaften der ersten und der 
zweiten Substanz verursachen, wenn die ex- 
teme Energie angewandt wird, wobei die erste 
Substanz einer Oxidation im weiteren Sinn un- 
terliegt und die zweite Substanz einer Redukti- 
on im weiteren Sinn unterliegt; und 

- eine dritte Substanz, die zwischen der ersten 
Substanz und der zweiten Substanz angeord- 
net ist, welche die erste Substanz und die zwei- 
te Substanz reagieren lasst, wenn die externe 
Energie angewandt wird, und welche die Reak- 
tion der ersten und der zweiten Substanz un- 
terdriickt, wenn die externe Energie nicht an- 
gewandt wird. 

2. Aufzeichnungsmedium nach Anspruch 1, bei dem 
die zweite Substanz mindestens ein Stoff ist, der 
aus der Gruppe bestehend aus Oxiden, Substan- 
zen, die Sauerstoff als Bestandteil enthalten, Sub- 
stanzen mit absorbiertem Sauerstoff und Verbin- 
dungen Oder Gemischen davon ausgewahlt ist, wo- 
bei vorzugsweise die zweite Substanz bei der Dis- 
soziation von Sauerstoffmolekulen in einer Menge 
von 1 mol eine Energie von 550 kJ Oder weniger 
erfordert. 

3. Aufzeichnungsmedium nach Anspruch 1 oder 2, bei 
dem die zweite Substanz eine Substanz ist, die min- 
destens einen Stoff enthalt, der aus der Gruppe be- 
stehend aus Oxiden und Substanzen ausgewahlt 
ist, die Sauerstoff als Bestandteil enthalten, wobei 
die Stoff e mindestens ein Element enthalten, das 
aus der Gruppe bestehend aus Elementen der 
Gruppe 6 des PSE, Elementen der Gruppe 8 des 
PSE, Elementen der Gruppe 9 des PSE, Elementen 
der Gruppe 11 des PSE, 71, V, Mn, Ni, Re, Ge, Sn, 
Pb, As, Sb, Bi, Se, Te, Ce, Pr und Tb ausgewahlt 
ist, wobei vorzugsweise die zweite Substanz min- 
destens ein Oxid ist, das aus der Gruppe bestehend 
aus Mo0 3 , Re0 2 , Pr0 2 und Sb0 2 ausgewahlt ist 
oder wobei die zweite Substanz WO a ist. 
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4. Aufzeichnungsmedium nach einem der Anspruche 
1 bis 3, bei dem die erste Substanz mindestens ein 
Stoff ist, der aus der Gruppe bestehend aus Metal- 
len, intermetallischen Verbindungen, Nitriden, Car- 
biden, Siliciden, Boriden, Suifiden, Seleniden, Tel- s 
luriden, Phosphiden, Arseniden, Antimoniden und 
Substanzen ausgewahlt ist, welche diese Stoff e 
enthalten, wobei die Stoffe bei der Bindung mit Sau- 
erstoffmolekulen in einerMenge von 1 mol eine En- 
ergie von 1 000 kJ Oder mehr erzeugen. w 

5. Aufzeichnungsmedium nach Anspruch 4, bei dem 
die erste Substanz mindestens ein Stoff ist, der aus 
der Gruppe bestehend aus Sn-Sr-Legierungen, 
Mg-AHegierungen, In-Sr-Legierungen und Al-Tl- is 
Legierungen ausgewahlt ist, wobei vorzugsweise 

die erste Substanz eine Sn-10 Atom-% Sr-Legie- 
rung ist. 

6. Aufzeichnungsmedium nach einem der Anspruche 20 
1 bis 3, bei dem die erste Substanz mindestens ei- 
ne n Stoff enthalt, der aus Metallen, intermetalli- 
schen Verbindungen, Nitriden, Carbiden, Siliciden, 
Boriden, Suifiden, Seleniden, Telluriden, Phosphi- 
den, Arseniden, Antimoniden und Substanzen aus- 2S 
gewahtt ist, welche diese Stoffe enthalten, die bei 
der Bindung mit Sauerstoffmolekulen in einer Men- 

ge von 1 mol eine Energie von 500 kJ oder mehr 
erzeugen und einen Schmelzpunkt oder eine Zer- 
setzungstemperatur von 1 00°C bis 300°C aufwei- 30 
sen. 

7. Aufzeichnungsmedium nach Anspruch 6, bei dem 
die erste Substanz mindestens ein Stoff ist, der aus 
der Gruppe bestehend aus Au-Ag-Sn-Legierungen, 35 
Au-Ga-Sn-Legierungen und In-Sn-Legierungen 
ausgewahlt ist, wobei vorzugsweise die erste Sub- 
stanz eine Sn-43 Atom-% Bi-Legierung ist. 

8. Aufzeichnungsmedium nach einem der Anspruche *o 
1 bis 7, bei dem die dritte Substanz mindestens ein 
Stoff ist, der aus der Gruppe bestehend aus Oxiden, 
Substanzen, die Sauerstoff ais Bestandteii enthal- 
ten, Substanzen mit absorb! ertem Sauerstoff und 
deren Verbindungen oder Gemischen ausgewahlt 45 
ist, welche diese Stoffe enthalten, die bei der Dis- 
soziation von Sauerstoffmolekulen in einer Menge 
von 1 mol eine Warmemenge von mehr als 550 kJ 
erzeugen, wobei vorzugsweise das OxkJ Al 2 0 3 
oder SiAION ist. so 

9. Aufzeichnungsmedium nach einem der Anspruche 
1 bis 7, bei dem die dritte Substanz eine organische 
Substanz ist, die eine Zersetzungstemperatur, eine 
Sublimationstemperatur oder eine Schmelztempe- ss 
ratur von 300°C oder weniger aufweist, wobei vor- 
zugsweise die organische Substanz C m H n (Kohlen- 
wasserstoff), C m F n oder C m H n F p ist (wobei m, n und 



p ganze Zahlen sind). 

10. Aufzeichnungsmedium nach einem der Anspruche 
1 bis 7, bei dem die dritte Substanz eine Substanz 
ist, die mindestens einen Stoff umfasst, der aus der 
Gruppe bestehend aus Metallen wie Mn, Tt, Se, Mn- 
Stahlen.Trtanlegierungen, Si, Ge, SiN K , usw., Halb- 
leitem, intermetallischen Verbindungen, Nitriden, 
Carbiden, Siliciden, Boriden, Suifiden, Seleniden, 
Telluriden, Phosphiden, Arseniden, Antimoniden 
und Substanzen ausgewahlt ist, welche diese Stof- 
fe enthalten, die als Masse einen thermischen Dif- 
fusions koeffiz ien ten von 50 mrr^/s oder weniger bei 
Raumtemperatur aufweisen. 

11. Aufzeichnungsmedium nach einem der Anspruche 
1 bis 7, bei dem die dritte Substanz Kohlenstoff oder 
ein Kohlenwasserstoffharz oder Titan ist. 

12. Aufzeichnungsmedium nach einem der Anspruche 
1 bis 11, bei dem die erste Substanz, die zweite 
Substanz und die dritte Substanz jeweils als 
Schicht ausgebildet sind und mit einer Schicht, wel- 
che die dritte Substanz umfasst, in der Mitte lami- 
niert sind. 

13. Aufzeichnungsmedium nach einem der Anspruche 
1 bis 7, bei dem die dritte Substanz einen Schmelz- 
punkt, eine Zersetzungstemperatur oder eine Sub- 
limationstemperatur von 1000°C oder mehr in dem 
Fall aufweist, bei dem die dritte Substanz bei der 
Bindung mit Sauerstoffmolekulen in einer Menge 
von 1 mol eine Energie von 1000 kJ oder mehr er- 
zeugt, oder einen Schmelzpunkt, eine Zerset- 
zungstemperatur oder eine Sublimationstempera- 
tur von 300°C oder mehr in dem Fall aufweist, bei 
dem die dritte Substanz bei der Bindung mit Sauer- 
stoffmolekulen in einer Menge von 1 mol eine En- 
ergie von weniger als 1000 kJ erzeugt. 

14. Aufzeichnungsmedium nach einem der Anspruche 
1 bis 13, bei dem die dritte Substanz in Form einer 
Schicht vorliegt und eine Dicke von 0,5 nm oder 
mehr aufweist. 



Revendications 

1. Support cfenregistrement pour enregistrer des in- 
formations faisant varier les caracteristiques opti- 
ques de celui-ci en lui appliquant une energie ex- 
terne, caracterise en ce que le support d'enregis- 
trement comprend : 

une premiere substance et une deuxieme 
substance qui provoquent une reaction exo- 
thermique pour faire varier les caract6ristiques 
optiques de ladite premiere substance et de la- 
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dite deuxieme substance quand on applique 
Penergie externe, la premiere substance subis- 
sant une oxydation au sens large, et ladite 
deuxieme substance subissant une reduction 
au sens large ; et 5 
une troisieme substance interposee entre ladi- 
te premiere substance et ladite deuxieme subs- 
tance, permettant a ladite premiere substance 6. 
et a ladite deuxieme substance de reagir lors- 
qu'on applique ladite energie externe, et sup- 10 
primant ia reaction de ladite premiere substan- 
ce et de ladite deuxieme substance lorsque 
I'energie externe n'est pas appliquee. 



2. Support d'enregistrement selon la revendication 1 , 
dans lequel ladite deuxieme substance est au 
moins un element choisi parmi le groupe compre- 
nant les oxydes, les substances contenant de I'oxy- 
gene a titre d'element constitutif, les substances 
avec de Foxygene adsorbe, ainsi que les composes 
ou les melanges de ces derniers, de preference 
dans lequel ladite deuxieme substance exige une 
energie de 550 kJ ou moins lorsqu'on dissocie les 
molecules cfoxygene en quantite de 1 mole. 

3. Support d'enregistrement selon Tune ou I'autre des 
revendications 1 et 2, dans lequel ladite deuxieme 
substance est une substance qui contient au moins 
un element choisi parmi le groupe constitue des 
oxydes et des substances contenant de Toxygene 
a titre d'element constitutif, lesdits elements conte- 
nant au moins un element choisi parmi le groupe 
constitue des elements du groupe 6 du tableau pe- 
riodique des elements, des elements du groupe 8 
du tableau periodique des elements, des elements 
du groupe 9 du tableau periodique des elements, 
des elements du groupe 11 du tableau periodique 
des elements, Ti, V, Mn, Ni, Re, Ge, Sn, Pb, As, Sb, 
Bi, Se, Te, Ce, Pr etTb, et de preference dans lequel 
ladite deuxieme substance est au moins un oxyde 
choisi parmi le groupe constitue de MoQ 3 , Re0 2 , 
Pr0 2 et Sb0 2 , ou dans lequel ladite deuxieme subs- 
tance est W0 3 . 



4. Support d'enregistrement selon I'une quelconque 
des revendications 1 a 3, dans lequel ladite premie- 
re substance est au moins un element choisi parmi 
le groupe constitue des metaux, des composes in- 
termetalliques, des nitrures, des carbures, des sili- 
ciures, des borures, des sulfures, des seleniures, 
des tellurures, des phosphures, des arseniures, 
des antimoniures et des substances comprenant 
ces elements, lesdits elements engendrant une 
energie de 1000 kJ ou plus lorsqu'ils s'associent 
avec les molecules d'oxygene en quantite de 1 mo- 
le. 

5. Support d'enregistrement selon la revendication 4, 
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dans lequel ladite premiere substance est au moins 
un element choisi parmi le groupe comprenant les 
alliages Sn-Sr, les alliages Mg-AI, les alliages In-Sr 
et les alliages Al-Ti, et de preference dans lequel 
ladite premiere substance est un alliage de Sn et 
de 1 0 atomes % de Sr. 

Support d'enregistrement selon Tune quelconque 
des revendications 1 a 3, dans lequel ladite premie- 
re substance contient au moins un element choisi 
parmi le groupe constitue des metaux, des compo- 
ses intermetalliques, des nitrures, des carbures, 
des siliciures, des borures, des sulfures, des sele- 
niures, des tellurures, des phosphures, des arse- 
niures, des antimoniures, et des substances conte- 
nant ces elements, qui presentent generalement 
une energie de 500 kJ ou plus lorsqu'ils s'associent 
avec des molecules d'oxygene en quantite de 1 mo- 
le, et presentant un point de fusion ou une tempe- 
rature de decomposition de 100 a 300°C. 

Support d'enregistrement selon la revendication 6, 
dans lequel ladite premiere substance est au moins 
un element choisi parmi le groupe constitue des al- 
liages Au-Ag-Sn, des alliages Au-Ga-Sn et des al- 
liages In-Sn, et de preference dans lequel ladite 
premiere substance est un alliage de Sn avec 43 
atomes % de Bi. 

Support d'enregistrement selon I'une quelconque 
des revendications 1 a 7, dans lequel ladite troisie- 
me substance est au moins un element choisi parmi 
le groupe constitue des oxydes, des substances 
contenant de I'oxygene a titre d'element constitutif , 
des substances avec de I'oxygene adsorbe et leurs 
composes ou des melanges contenant ces ele- 
ments, qui engendre une quantite de chaleur de- 
passant 550 kJ lorsqu'on dissocie les molecules 
d'oxygene en quantite de 1 mole, et de preference 
dans lequel ledit oxyde est AfeOg, ou SiAION. 

Support d'enregistrement selon I'une quelconque 
des revendications 1 a 7, dans lequel ladite troisie- 
me substance est une substance organique qui pre- 
sentent une temperature de decomposition, une 
temperature de sublimation ou une temperature de 
fusion de 300°C ou moins, et de preference dans 
lequel ladite substance organique est CmHn (hy- 
drocarbures), CmFn, CmHnFp (m, n et p etant des 
entiers). 

Support d'enregistrement selon I'une quelconque 
des revendications 1 a 7, dans lequel ladite troisid- 
me substance est une substance qui inclut au 
moins un element choisi parmi le groupe constitue 
des metaux, comme des aciers au Mn, Ti, Se, Mn, 
des alliages de titane, du Si, Ge ou SiNx, des semi- 
conducteurs, des composes intermetalliques, des 
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nitrures, des carbures, des siliciures, des borures, 
des sulfures, des selgniures, des teilu runes, des 
phosphures, des arseniures, des antimoniures et 
des substances contenant ces Elements, qui pre- 
sente un coefficient de diffusion thermique de 50 5 
mmZ/seconde ou moins en vrac a temperature am- 
biante. 

11. Support cfenregistrement seion rune quelconque 
des revendications 1 a 7, dans lequel ladite troisie- 10 
me substance est du carbon e, ou une resine d'hy- 
drocarbures, ou du titane. 

12. Support d'enreglstrement seion i'une quelconque 
des revendications 1 a 11, dans lequel ladite pre- is 
miere substance, ladite deuxieme substance et la- 
dite troisieme substance sont formees respective- 
ment par une couche, et celles-ci sont stratifiees 
avec une couche qui indut la troisieme substance 

au milieu. 20 

13. Support d'enregistrement seion Tune quelconque 
des revendications 1 a 7, dans lequel la troisieme 
substance prdsente un point de fusion, une temp6- 
rature de decomposition ou une temperature de su- 25 
blimation, de 1 000°C ou plus dans le cas dans le- 
quel la troisieme substance engendre une 6nergie 

de 1000 kJ ou plus lorsqu'elle s'associe avec des 
molecules (foxygene en quantite de 1 mole, ou pre- 
sente un point de fusion, une temperature de de- 30 
composition ou une temperature de sublimation de 
300°C ou plus dans le cas dans lequel la troisieme 
substance engendre une 6nergie infe>ieure a 1 000 
kJ lorsqu'elle s'associe avec des molecules d'oxy- 
gene en quantite de 1 mole. 35 

14. Support d'enregistrement seion Tune quelconque 
des revendications 1 a 13, dans lequel ladite troi- 
sieme substance est sous la forme d'une couche, 

et presente une 6paisseur de 0,5 nm ou plus. 40 
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FIG. 1 
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1 : SUBSTRATE 
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